The effects of an increase in plasma pH, bicarbonate and sodium on the electrocardiogram of the normal dog have been compared with those produced by a decrease in plasma potassium. The eleetrocardiographie alterations in these experimentally induced situations were found to be similar in form and progression.
The effects of an increase in plasma pH, bicarbonate and sodium on the electrocardiogram of the normal dog have been compared with those produced by a decrease in plasma potassium. The eleetrocardiographie alterations in these experimentally induced situations were found to be similar in form and progression. I N THE preceding paper it was shown that electrocardiographic changes similar to those produced by an excess of plasma potassium can follow disturbances of other electrolytes. 1 The present experiments were designed (1) to define the effects of a decreased plasma potassium and increased pH and bicarbonate individually and collectively on the electrocardiogram, and (2) to attempt to clarify the mechanism responsible for the alterations in myocardial function which occur in conditions of hypochloremic, hypokalemic alkalosis.
METHODS AND MATERIALS
Eighteen experiments were performed on 12 female mongrel clogs, anesthetized with sodium pentobarbital. The procedures and methods were the same as those described in the preceding communication. 1 Respiratory alkalosis was induced by overventilation with room air or oxygen. 
RESULTS
Infusion of Sodium Bicarbonate. Figure 1 illustrates the effect of the infusion of sodium bicarbonate at a rate of 1.2 mEq. per minute over a period of three and one-half hours. Similar results were obtained in five experiments. It is seen that the anticipated rise in plasma pH and bicarbonate is accompanied by elevation of plasma sodium and a fall in potassium concentration. Serial electrocardiograms show the following: tachycardia; T-wave alterations which consisted of increased duration and change in direction, followed by increased amplitude and finally peaking; S-T segment alterations characterized either by elevation or depression; increased amplitude of the P wave. In three experiments sodium bicarbonate was infused at the rate of 4.0 mEq. per minute over a two-hour period. With such rapid rates of infusion the electrocardiogram showed peaking and increased amplitude of the T wave and terminal loss of the P wave, development of a nodal or ventricular rhythm and ultimate disintegration of the ventricular complex.
Infusion of Sodium Hydroxide. In three experiments sodium hydroxide was infused with the purpose of determining the amount of alkali which could be neutralized by the body buffer systems and to study the effect of this alkali on the electrocardiogram. The effect of sodium hydroxide, infused at a rate of 1 mEq. per minute is illustrated in figure 2 . Plasma constituents and electrocardiograms are shown at 40-minute intervals. It may be noted that the infusion of sodium hydroxide like that of sodium bicarbonate resulted in an increase in plasma pH, bicarbonate, and sodium. However, in contrast with results obtained with the infusion of bicarbonate, the infusion of sodium hydroxide was not ac-in plasma potassium, without concomitant alteration, in pH or bicarbonate, 10 per cent glucose solution containing 0.1 unit of crystalline insulin per cubic centimeter was infused at a rate of 5 cc. per minute over a two-hour period. Figure 3 companied by a fall in plasma potassium. Nevertheless, alterations in the electrocardiogram similar to those evoked by the infusion of sodium bicarbonate were produced by sodium hydroxide. Of particular interest is the terminal electrocardiogram which resembles that seen with hyperkalemia and/or acidosis.
IJypokalemia. In order to determine the effect upon the electrocardiogram of a decrease shows the sequential lowering and inversion of the T wave which occurred concomitant with the fall in plasma potassium concentration. It should be noted that the electrocardiographic changes are minimal in the absence of simultaneous alterations in plasma pH and bicarbonate.
Respiratory Alkalosis. The alteration in plasma ion composition and the electrocardio-gram produced by respiratory alkalosis over a period of two hours are illustrated in figure 4 . Similar results were obtained in two other experiments. From this figure it may be seen that the increase in pH is not associated with electrocardiographs alterations previously described, and that those changes which did occur were minor despite a rise in pH to 7.55. function which may be effected in a like fashion by all of these ionic alterations. The principles involved in such ionic alterations in electrical activity in nerve and muscle are discussed in the preceding paper. AVith a marked increase in sodium or a decrease in potassium in the external environment of the isolated cell, there results disturbances in 
DISCUSSION
It is evident from the data presented that those electrocardiographic abnormalities previously ascribed to hypokalemia may be produced in the absence of alteration in the plasma concentration of potassium. The finding that a similar pattern may be produced by an elevated plasma pH, bicarbonate and sodium concentration, as well as by a decreased potassium, suggests a disturbance in cardiac electric potential such that depolarization and repolarization cannot occur, and eventually the cell becomes inexcitable. 1 '' The dynamics of cardiac excitation and contraction which occur in sequence with depolarization and repolarization depend upon the maintenance of a resting potential, the action potential and the conduction of impulses through the myocardium. 4 In the aforementioned experiments, it may, perhaps, be assumed that alterations in impulse initiation and conduction, reflected in the electrocardiogram, resulted from changes in the concentration gradients of sodium, potassium, bicarbonate or hydrogen ion across the cell membrane. Further, it would appear that an increase of extracellular pH, sodium or bicarbonate or a decrease of potassium influence the electric potentials of the heart in such a manner as to produce similar electrocardiographic alterations.
From the evidence presented in the preceding communication that electrocardiographic alterations similar to those produced by hyperkalemia may be produced by a decrease in plasma pH, bicarbonate or sodium, the inference was made that disturbances in myocardial function result from alterations in ionic gradients across the cell membrane. Although the intracellular and extracellular alterations in hyperkalemia and acidosis are the antithesis of those noted in hypokalemia and alkalosis, the net result in either case is a change in ionic gradient upon which the fundamental properties of the cell depend. Further validity is offered to this thesis by the observation that the terminal electrocardiographic tracings were similar in both situations under the conditions of our experiments. It should be emphasized, however, that the conditions under which these were seen were terminal and produced by severe alterations in plasma structure.
The absence of characteristic electrocardiographic alterations, despite the increased pH, produced by respiratory alkalosis is presumably related to the diffusibility of carbon dioxide, as discussed in the previous paper. CONCLUSIONS 1. The electrocardiographic alterations produced by an elevation of bicarbonate, sodium and pH are similar to those seen in hypopotassemia in the dog.
2. Similar electrocardiographic changes may be produced either by conditions of alkalosis with or without hypokalemia or by hypokalemia in the absence of alkalosis.
3. The basic disturbance responsible for the electrocardiographic alterations seems to depend on intra-and extracellular imbalances of electrolytes, chiefly sodium, potassium and hydrogen ion.
